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Chapter One - Introduction 
 
There are 106 Agricultural Education Teachers in the state of Montana (Tilleman, 
2020).  According to the Montana Office of Public Instruction, there were still 10 open 
teaching positions at the beginning of the 2020/2021 school year.  While a few of the 
positions were filled later in the school year, many are left open with no qualified 
teachers available to fill the role of Agriculture Educator.  Montana schools are left with 
only one option in times like these.  They are required to turn to local industry 
professionals who get a Class 4 teaching certificate that is based on their hours of 
experience in a related field.  
In Montana, there are a few options for teaching certificates:  
A Class 1 teaching certificate is for someone with a masters degree in their 
teaching area and with 3 years of teaching experience as a licensed and appropriately 
assigned teacher. 
Class 2 certification is for someone with a bachelor's degree from a teachers 
preparatory program. 
Class 3 is for administrators. 
Class 4 has different levels.  4A is for those who hold a teaching license in 
another discipline.  4B licensure is for someone with a bachelor’s degree and 10,000 
hours of verifiable experience in a related field of study.  4C is for those who simply 
have 10,000 hours of verifiable experience but no higher education.  (Montana Educator 
Licensure Frequently Asked Questions 2020) 
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I began my teaching career with a Class 4B teaching license.  I had a Bachelors 
Degree in Business - Marketing and was required to prove that I had over 10,000 hours 
of experience in matters similar to what I would be teaching.  My time spent owning a 
business in the timber industry as well as time spent working on the family ranch, 
enabled me to obtain the teaching credentials.  However, that did not stop me from a 
feeling of inadequacy in many parts of my teaching demands. 
Class 4 teachers in Montana are not alone when it comes to feeling like they do 
not have a firm grasp of their subject matter.  Many Agriculture Educators earn a degree 
in Ag Education and then end up teaching classes that they have little to no experience 
with.  Depending on the school system, the teacher might be asked to teach one subject 
area such as animal science or they are required to teach all facets of agriculture.  It 
might not be the part of agriculture that a teacher feels like an authority.  In my case, 
and in the case of other teachers, I did not feel comfortable with teaching many parts of 
Agriculture Mechanics.  I found myself trying to teach out of a text book and my 
students were not enthusiastic about my teaching methods.  After a full year of teaching 
in a way that was uncomfortable to me and my students, I spent a great deal of one 
summer preparing for a better method of teaching.  I have shared my lessons with other 
teachers and enjoy being able to use the lessons that others have shared with me.  I 
decided to put together 10 lessons in Agriculture Mechanics so that teachers do not put 




Chapter 2 - Literature Review 
The secret is out that there is a huge skills gap in the United States with regards 
to shovel ready, get-your-hands-dirty jobs.  According to Mike Rowe, there are 
thousands of jobs out there waiting for somebody with the qualifications and expertise to 
go to work (Rowe, 2020).  Locating a qualified electrician or plumber with available time 
for a new client can be challenging.  
Burris, Robinson and Terry (2005) found 97% of the pre-service teachers in 
mechanics indicated that metal fabrication was included in the secondary curriculum. 
Respondents also noted that metal fabrication was an important content area. However, 
only 45% of teacher preparation programs offer courses in metal fabrication (Burris, 
Robinson, & Terry, 2005)  
Wells, Perry, Anderson, Shultz, and Paulsen (2013) reported 54 mechanics skills 
agricultural education teachers deemed appropriate for secondary agricultural 
mechanics courses—highlighting the broad perspective of secondary agricultural 
mechanics. Teachers are not always adequately prepared or comfortable teaching 
agricultural education courses a community perceives as important (Shelley-Tolbert, 
Conroy, & Dailey, 2000; Wells, Perry, Anderson, Shultz, & Paulsen, 2013) 
Whitehair, Schramm, Wells, & Hainline (2020) focused on the preparedness of 
pre-service teachers and their coursework to prepare them to teach agricultural 
mechanics.  The study found, “almost half (n = 8, 47.1%) the preservice teachers 
indicated they had previously enrolled in agricultural mechanics or industrial technology 
education (ITE) coursework at the secondary level and only two preservice teachers 
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(11.8%) reported engaging in agricultural mechanics / ITE coursework at the 
postsecondary level.”  
Ten of the departments of agricultural education in 10 Western states revealed 
that only half of the program curriculums provide 3 or more classes in agricultural 
mechanics in their Agriculture Education curriculum (Saucier & McKim, 2011). Montana 
State University, University of Idaho, Texas State University, University of California - 
Davis, and University of Arizona achieved this mark.  The following institutions had one 
or no agricultural mechanics classes offered to pre-service agricultural education 
students. Washington State University, Oregon State University, Utah State University, 
University of Wyoming and University of Nevada - Reno.  
In many states additional educators are needed to fill vacant teaching positions. 
Alternative methods are utilized to certify professionals to enter the teaching profession. 
In Montana Class 4 teaching certificates are utilized to certify individuals from industry 
positions wishing to enter the teaching profession.  
A study conducted in 2006 compared a group of teachers from both sides of the 
aisle.  While the literature led them to hypothesize that the experience through the 
university system would give those pre-service teachers greater confidence and ability, 
“it appears that the additional life and occupational experience of the alternatively 
certified group may have impacted their level of efficacy.”  
Thus, both groups were believed to be on the same level of confidence and abilities in 
those areas (Rocca & Washburn, 2006).  However, a study conducted in 2004 
concluded that alternatively certified agricultural education teachers tended to have a 
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greater need for agricultural mechanics inservice training than did their traditionally 
educated counterparts (Roberts & Dyer, 2004). 
The literature highlights the need of training in agricultural mechanics for a large 
portion of the agriculture education teachers.  Whether they come from a traditional, 
university training or non-traditional education that comes from industry experience, 
many teachers require additional training.  Without some sort of inservice training, many 
teachers rely on education they most likely received in high school or a recent YouTube 
video.  In order for a teacher to be a success in this facet of agriculture education, it is 
probable they will need to find a ready-made curriculum or other training materials to 
use as they progress in their own education.  Online websites like California CTE Online 
(​Intro to Ag Mechanics - CTE Online Model​ 2020), might be a good place to start in 
order to at least determine what needs a teacher has.  After needs are determined, a 
teacher can look into the purchase of a curriculum that would work best for them. 
Textbooks and internet videos may be a good starting point but there is a real need to 
connect with others to find out how they teach mechanics as well.  In-service training 
might be a good answer to this dilemma for many agricultural mechanics teachers. 
Perhaps in-person training at conferences like the National Association of Agricultural 
Educators (NAAE) national convention would be the best way to get teachers their 
experience and confidence.  State and regional conferences would be a way to learn 
from their peers as well.  The NAAE Communities of Practice does have a few items 
about agriculture mechanics but it is always a good idea for experienced mechanics 




Chapter 3 - Methods and Procedures 
I learned from the literature and from my own experience as an agriculture 
educator, that there is training required to set a teacher up for success in teaching 
agricultural mechanics.  
Therefore, my goal in this project was to create ten lesson plans that my fellow 
agriculture teachers could use.  I chose areas I felt comfortable with teaching and areas 
I had found difficulty in teaching when I began my career.  
The lesson titles in this project include:  
1. 3 Way switches using a whiteboard. 
2. Laying out a stud wall 
3. Laying out a stair stringer 
4. Laying out a rafter 
5. Indian Education For All - Bitterroot Flower Harvester 
6. Proper chainsaw handling & maintenance 
7. 4 stroke engine repair - troubleshooting 
8. Irrigation methods and maintenance. 
9. Sharpening chisels 
10.Sharpening a knife 
One issue that I found plagues many agriculture educators who teach exclusively 
mechanics has dealt with Indian Education For All (IEFA).  I am required to do some 
sort of IEFA lesson for each of my classes. In agricultural mechanics specifically, there 
was limited material that deals with IEFA.  However, one of my students asked me to 
help him with a special project to harvest the Bitterroot Flower.  As simple as the idea is, 
I believe the lesson plan made a big difference in helping to make my agricultural 





Teaching anything gets easier with experience and training.  As I learned from 
looking at literature, there is a definite scarcity in training for agriculture educators in 
agricultural mechanics.  It is also difficult to lay claim to a lot of experience in every facet 
of agricultural mechanics because it is a diverse field.  This came as a surprise to me 
since I also learned there is incredible opportunity for my students to be successful in 
those very same fields. 
My students particularly enjoyed the lesson on 3-way switches.  The four rules of 
a 3-way switch has been something they are able to easily pick up and use.  It has been 
surprising how easy they are able to interpret the drawings on a whiteboard and to 
duplicate in the lab with wires and switches. 
While I know it is important to continue education for myself and my fellow 
teachers, I found that writing lesson plans and planning curriculum was challenging.  I 
also know I was never happy the first time I tried the lessons with students.  It generally 
took two or three times before I was pleased with how a lesson went but my 
determination has helped my students’ succeed.  I have twice taken an agriculture 
mechanics team to the national career development event. Many of my students have 
become successful in one agriculture mechanics pathway or another upon graduation. 
When I started teaching, I had just left my log home company behind and was 
teaching mechanics like I taught my employees.  Basically, I showed them how to do 
something and then told them to do it themselves.  After completing this creative 
component and my years in the Master of Agricultural Education program at Iowa State 
University, I now know there is a great deal of pedagogy that is required to do an ample 
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job of teaching every student in my class.  Furthermore, this program has helped me 
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Sharpening a Chisel 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Sharpen a wood or cold chisel  
 
Materials Needed for the Lesson: 
1. ¼” x 1” x 8” piece of steel 
2. Bench grinder 
3. Angle finder 
4. Safety classes 




1. Describle the safe operation of a bench grinder and shop safety 
 
Terms: 
1. Face: the smooth surface leading to the point of a chisel. 
 
Step - by - Step Instructions:  
1. Cut enough pieces of the metal that each student has one of their own.  
2. Each student should also get a copy of the chisel worksheet. 
3. Using the bench grinder, lay the end of the piece of metal up to the 
grinding wheel with the middle resting on the bench of the grinder while 
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holding firmly on the other end.  See below.
 
4. The wheel will grind away metal and sparks will fall in a downward 
manner.  
5. One end of the metal should be ground to a 60 degree angle (cold chisel) 
and the other side should be ground to a 30 degree angle (wood chisel) 
6. Be certain to keep just one face on each side.  (below is an example of a 
chisel with two faces on the ground edge) 
a.   
7. Make certain to cool the metal off often enough that the metal does not get 











PST.01.02. Apply physical science and engineering principles to design, implement and 
improve safe and efficient mechanical systems in AFNR situations. 
 
























Sharpening a Knife 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Safely and precisely sharpen a standard, smooth blade knife. 
 
Materials Needed for the Lesson: 
1. Wet stone 
2. Knife sharpening steel 
3. Multipurpose oil 
4. Bench vice 
5. Dull knife 
 
Step - by - Step Instructions:  
1. Watch the “Sharpening a Knife.”  ​https://youtu.be/O56v97ehCMY 
2. Examine each student blade and help them determine how dull their knife is. 
3. If possible, allow each student to use a wet stone separately (this would require a 
lot of wet stones in some classes.) 
4. Demonstrate the proper method of sliding the knife over the stone.  
5. Once they have gotten their knife to a sharp edge, allow them to use a steel to 













Proper Chainsaw Handling & Maintenance 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Identify the working parts of a chainsaw. 
2. Identify the parts of a chainsaw chain. 
3. Explain the proper regular maintenance of a chainsaw. 
 
Materials Needed for the Lesson: 
1. Chainsaw Parts Sheets 
2. Chainsaw  
 
Step - by Step Instructions:  
1. What video here:  ​https://youtu.be/UkmOWh08SVg 
2. Ask each student to identify the parts of the chainsaw. 
3. Ask each student to demonstrate the proper way to start a chainsaw. 
4. Go over potential dangers and protective gear that is worn when operating a 
chainsaw. 




PST.02. Operate and maintain AFNR mechanical equipment and power systems.  
 
PST.02.01. Perform preventative maintenance and scheduled service to maintain 
equipment, machinery and power units used in AFNR settings. 
 
PST.02.02. Operate machinery and equipment while observing all safety precautions in 
AFNR settings. 
 










Laying Out A Stud Wall 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Accurately explain the concept of properly laying out a stud wall for construction. 
2. Discuss and explain how a stud wall is assembled for construction. 
 
Materials Needed for the Lesson: 
1. Laminate Wood Shelving - 3 ½” wide x 8’ long 
2. Dry Erase Markers (any color) 
3. Speed Square 
4. Measuring Tape 
5. Handout - “Stud Wall Framing Terms”  
 
Prior Knowledge: 
1. Explain the actual dimensions of framing lumber.  
● Example: 1 ½” x 3 ½” dimension of a 2x4 stud. 
 
Terms: 
Stud - Vertical board that connects the bottom plate to the top plate 
Trimmer - Vertical board that connects the bottom plate to the header and  
becomes the side of a door or window.  
Crippler - Vertical board that connects the bottom plate to the rough sill of a  
window.  Also the vertical board that connects the top plate to the 
top of the header to a door or window. 
Plate - Horizontal board that is either on the bottom of a stud wall and  
nailed to the floor, or the top of the stud wall that the roof rests 
upon. (Sole plate = bottom plate) (Top plate = plate on top of the 
wall) 
Header - Horizontal piece over a door or window that is usually bulkier in size  
and holds the weight of the roof in order to keep pressure off the 
window or door. 
Rough Sill - Horizontal board on the bottom of a window the weight of the  




On-Center - Term for laying out studs in order that the center of the board is  
exactly at the increment desired.  
● Example: 2’ on center = each stud at 2’, 4’, 6’, etc. 
 
Inside Corner - Stud board put in at the corner of a wall so that any  
sheathing on the inside of the wall has framing in which to  
connect.  
 
Sheathing - Any paneling, usually 4’x8’ that covers the framework. 
● Examples: plywood, waferwood, oriented strand board 
(OSB) 
 
Step - by Step Instructions: (7’ stud wall with 1: 3’ window that is centered on the wall. 
Studs = 2’ On Center) 
1. Watch “Laying Out A Stud Wall” video on Youtube here: 
https://youtu.be/_l3JPv2Px_0 
2. Mark the board for the length required for the wall.  7’  
3. Mark the board with a 1 ½” mark at each end of the wall.  Put an X over each of 
these so you know it is a stud. 
4. Mark the center of the wall and then measure 1’ 6” on each side of the center 
mark.  These are the sides of the window. 
5. Mark for another board on each side of the window and label it with a T for 
trimmer. 
6. Mark a stud on the outside of each trimmer. 
7. Mark a crippler on the inside of the trimmer and mark it with a C. 
8. Lay out a 1 ½” board at each 2’ multiple across the board.  If the board is outside 
of the window, mark with an X for stud.  If it is inside the window area, mark with 
a C for Cripple.  
 
Helpful Hint: 
It is a good idea to show pictures of or let the class tour a building with exposed 
framing. It will help you demonstrate why we use 16”/24” on center, cripple studs, 
trimmers vs headers, etc. 
 
Standards: 
PST.04.01. Create sketches and plans for AFNR structures. 
PST.04.01.01.a. Interpret and explain the meaning of symbols used in sketches of 
agricultural structures.  
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PST.04.01.02.a. Read and interpret the parts and/or views of plans for agricultural 
structures.  
PST.04.01.01.b. Apply scale measurement and dimension to develop sketches of 
agricultural structures.  
PST.04.01.01.c. Create sketches of an agricultural structure by applying principles of 
design.  
PST.04.01.02.c. Evaluate, plan and design functional and efficient facilities for use in 




Wall-framing-terminology-b: Learn How to Build Your Own Home and save 30%. (2016, 
December 03). Retrieved October 09, 2020, from 
http://www.nihb.com/wall-framing-terminology-b/ 
Wagner, W. H., & Smith, H. B. (1996). Wall and Ceiling Framing. In ​Modern carpentry: 
Building construction details in easy-to-understand form​ (pp. 205-223). Tinley Park, IL: 
Goodheart-Willcox. 































Laying Out A Cut-Out Stair Stringer 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Accurately explain the concept of properly laying out a stair stringer for a 
staircase construction. 
2. Describe how a staircase is assembled for construction. 
 
Materials Needed for the Lesson: 
1. Laminate Wood Shelving - 11 1/4” wide x 8’ long 
2. Dry Erase Markers (any color) 
3. Carpenter’s Square 
4. Measuring Tape 
5. Handout - “Stud Wall Framing Terms”  
 
Prior Knowledge: 
1. Explain the actual dimensions of framing lumber.  
● Example: 1 ½” x 11 ¼” is actual dimension of a 2x12 
 
Terms: 
1. Stair Stringer - structural framework for supporting treads on a staircase 
2. Stair Tread - horizontal member that sits atop the stair stringer and is the part of 
the staircase that is actually walked upon 
3. Rise/Run - The rise is the vertical distance that each step goes up.  The run is 
the width of the stair tread and the horizontal distance from the top of the 
staircase. 
 
Step - by - Step Instructions:  
(4 steps with a rise/run = 7”/10” where a rough sawn 2x10 is the stair tread) 
1. Watch “Laying Out A Stair Stringer” video on Youtube here: 
https://youtu.be/CwNf6FK-3fg 
2. Using the carpenters square, line up the 7” rise side with the edge and the 10” 
run on the other side to the same edge. 
3. Mark the edges. 
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4. Move the carpenters square down the board so that the 7” rise is now positioned 
where the 10” run was on step two.  Position the 10” run side against the edge. 
5. Mark the edges. 
6. Once you have created 4 “rises” on the stringer, lay out for the bottom and top 
cut-outs.  Make sure that your bottom rise is only 5”. 
a. Why a short first riser?  **In order to put a stair tread on top of every 
stringer run, the first rise needs to accommodate for the thickness of the 




PST.04. Plan, build and maintain AFNR structures.  
PST.04.01.01.a. Interpret and explain the meaning of symbols used in sketches of 
agricultural structures.  
PST.04.01.02.a. Read and interpret the parts and/or views of plans for agricultural 
structures.  
PST.04.02. Determine structural requirements, specifications and estimate costs for 
AFNR I structures  
 
Sources: 
Wagner, W. H., & Smith, H. B. (1996). Stair Construction. In ​Modern carpentry: Building 
construction details in easy-to-understand form​ (pp. 483-497). Tinley Park, IL: 
Goodheart-Willcox. 

















Laying Out A Rafter 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Accurately explain the concept of properly laying out a rafter for a ceiling/roof 
system. 
2. Describe how a rafter is assembled for construction. 
3. Describe how a rafter is used in the construction of a ridge/rafter roof system 
 
Materials Needed for the Lesson: 
1. Laminate Wood Shelving - 3 ½” ” wide x 8’ long 
2. Dry Erase Markers (any color) 
3. Speed Square 
4. Measuring Tape 
 
Prior Knowledge: 
1. Describe rise/run in a roof system. 
2. Explain the location of wood frame construction. (What are  
studs, plates, ridge beam, rafters, purlins, etc.?) 
 
Terms: 
1. Roof pitch - the angle of a roof system in relation to horizontal. 
2. Rise/Run - The distance in height that a rafter will rise compared to the distance 
horizontally. 
3. Plumb Cut - The vertical mark made when accounting for the desired pitch of the 
roof system. 
4. Birds mouth - The piece of a rafter that is cut out to better sit on top of the stud 
wall. 
5. Soffit / Tail - The under-side of a rafter that is on the outside of the wall. 











Step - by - Step Instructions:  
1. Watch the “How to Lay Out a Roof Rafter” here:  ​https://youtu.be/4lw5t8ginMw 
2. Determine the required pitch for the roof. 
a. Example below. 
 
3. We know that half of the width of the building is 6’ wide and we know that every 
12” run the rafter will go up 8”.  
i. So then:  (8/12 = .666666)  
ii. .66666 x 6’ high = 4’ high 
iii. Using the pythagorean theorem (A^2 + B^2 = C^2)  
1. 4^2 + 6^2 = C^2 
2. 16 + 36 = C^2 
3. 52 = C^2 
4. 7.348’ = C 
5. 7’ 4 ⅛” = C 
4. Mark the Top Common Cut on the far end of the rafter (with the Speed Square 
set at 8/12 pitch. 
5. Measure from the top Common Cut line down 7’ 4 ⅛”.  Make a vertical mark with 
the speed square set at 8/12 pitch. 
6. Make a line that is perpendicular to that vertical line that is 3 ½” across.  (for 
sitting on a 2x4 stud wall. 
7. Measure down from the vertical line to whatever soffit width is required and mark 
the final vertical line.  (this creates the “tail” off the roof where the soffit is. 
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PST.04. Plan, build and maintain AFNR structures.  
PST.04.01.01.a. Interpret and explain the meaning of symbols used in sketches of 
agricultural structures.  
PST.04.01.02.a. Read and interpret the parts and/or views of plans for agricultural 
structures.  
PST.04.02. Determine structural requirements, specifications and estimate costs for 
AFNR I structures  
 
Sources: 
Wagner, W. H., & Smith, H. B. (1996). Roof Framing. In ​Modern carpentry: Building 
construction details in easy-to-understand form​ (pp. 233-238). Tinley Park, IL: 
Goodheart-Willcox. 























Irrigation Methods & Maintenance 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Explain the various methods of irrigation and their advantages. 
 
Terms: 
1. Pivot:  
a. Most expensive up-front costs 




2. Wheel Line  
a. Smaller up-front cost than pivot 
b. Precise coverage 





3. Hand Line  
a. Slight up-front cost 
b. Good water coverage on uneven to rugged landscape 




4. Flood irrigation  
a. Little to no up-front cost for equipment 
b. Poor water coverage in uneven ground 
c. Uneven usage of water across the landscape (lots of water in one area, 





5. Drip Irrigation  
a. High up-front cost per square foot of water coverage. 
b. Precision water coverage 
 
Activity Step - by - Step Instructions:  
1. Using google maps in satellite mode, choose different fields or acreages to show 
the students.  
2. Ask them to decide which type of irrigation would work best or worst and why. 
3. Have the students look up the prices of different options of irrigation.  Which has 
the highest up-front cost per acre or square feet?  Which is a better long term vs 
short term investment? 
 
Standards: 
PST.05.03. Apply geospatial technologies to solve problems and increase the efficiency 
of AFNR systems. 
 
PST.05.03.02.b. Analyze and calculate the economic impact of utilizing precision 
technologies (e.g., GPS/GIS) in AFNR systems. 
 
PST.05.01.01.b. Analyze data using computer programs and other current technologies 
used in AFNR systems. 
 
Sources: 
Valley Irrigation. (2020). 7000 Series Center Pivot. Retrieved September 12, 2020, from 
http://www.valleyirrigation.com/7000 




Irriline Irrigation. (2020). Sprinkler Irrigation Systems. Retrieved September 12, 2020, 
from ​https://irriline.com/products/sprinkler-irrigation-systems/ 




DripWorks Irrigation. (2020). Drip Irrigation System Kits, Supplies and Accessories. 

































Bitterroot Harvester - Indian Education for All 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology - Indian Education for All 
 
Objectives: 
Students will be able to: 
1. Describe the demands that are required to harvest plant roots by hand. 
2. Explain leverage and design requirements to harvest plant roots by hand. 
3. Construct an effective and efficient plant root harvesting tool. 
 
Materials Needed for the Lesson: 
1. 4’ sections of ½” rebar 
2. 4’ sections of 3/16” x 1” x 48” flat steel 
3. 4’ section of 1” pipe 
4. Bench grinder 
5. Welder:  Arc or MIG 
6. 4’-5’ branches (2”-3” diameter) 
 
Prior Knowledge: 
In Montana and the western United States, there is a plant that Native Americans 
have used to sustain them for generations.  The Bitterroot Flower is not only used as 
food but also for medicinal purposes as well.  It grows wild and is often in quite rocky 
soil.  To harvest the plant and get the sought after root, tribal members often require a 
tool of some sort to get the root out whole.  Often this meant finding an antler or strong 




1. Tap Root:  
2. Leverage: 
 
Step - by - Step Instructions:  
1. Watch the “Bitterroot Harvester” video here:  ​https://youtu.be/7eDq2QbSuzk 
2. Break students into groups of 2 or 3. 
3. Set the materials out in a way that the students can choose which material kits 
they want for their harvester (rebar or flat steel or pipe.)  
4. Allow them to design and build their harvester using the materials in their kit. 
33 
 
5. When the groups have finished their harvesters, allow them to use them to 
harvest dandelions or other such plants.  They should decide which was the best 
design. 
6. Next, allow them to try using a wooden dowel or other natural branch and 
discuss how effective that must have been. 
 
Standards: 
PST.01. Apply physical science principles and engineering applications to solve S 
problems and improve performance in AFNR power, structural and technical systems.  
 
PST.01.02. Apply physical science and engineering principles to design, implement and 
I improve safe and efficient mechanical systems in AFNR situations.  
 
NRS.04. Demonstrate responsible management procedures and techniques to S 
protect, maintain, enhance, and improve natural resources.  
 





Bitterroot - Lewisia rediviva. (n.d.). Retrieved October 9, 2020, from 
http://montana.plant-life.org/cgi-bin/species03.cgi?Portulacaceae_Lewisiarediviva 
Bitterroot Harvester - Couture, Gwen [Personal interview]. (2019, September 1). 














Bitterroot Harvester Assignment 
 
Names of people in your group:  
 
______________________________________________________________________ 
1. Choose your material to build a Bitterroot Harvester.  
2. In your design, keep in mind the following: 
a. Leverage required to extract the plant from the ground 
b. The strength required of the tool 
c. The angle required to get under the root 
d. Where will you apply the most force on the harvester? 
e. Design your harvester at the bottom of this sheet. 
3. Create a Bitterroot Harvester based on your design. 
4. Upon completion, demonstrate your harvester on a plant similar to a Bitterroot, 
such as a dandelion. 



























4 stroke engine repair - troubleshooting 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Troubleshoot a 4 stroke, small gas engine. 
2. Explain the systems of a 4 stroke engine 
 
Previous Knowledge: 
This is usually used after students have learned the parts of an engine as well as the 4 
strokes of a 4 stroke engine.  Often, the students have already had a chance to tear 
down and reassemble an entire engine before this lesson.  It is one thing to remember 
all the parts but it is another to be able to make them all run smoothly together.  Most of 
the time in the real world, it is something simple that is required to get an engine to run. 
 
Materials Needed for the Lesson: 
1. One Operational 4 stroke engine 
2. Troubleshooting a 4 Stroke Engine worksheet 
3. Tools: Socket set, including spark plug socket, feeler gauge, pliers, screwdriver. 
4. Compression tester 
 
Step - by Step Instructions:  
1. Before the class begins, do one of the following to the engine. 
a. Smash the spark plug gap together. 
b. Pry the spark plug gap further apart.  
c. Put a piece of paper underneath the air filter. 
d. Shut the fuel line off. 
e. Empty the fuel tank. 
f. Pull the spark plug wire off the spark plug. 
g. Turn the power switch off. 
h. Connect a small wire from the spark plug wire to the head. 
 
2. For a more advanced class, try one of these. 
a. Change the timing by a few cogs on the camshaft. 
b. Take the camshaft and tappets out of the engine. 




3. Give each of the students a copy of the Troubleshooting a 4 Stroke Engine 
worksheet. 
4. Explain to them that something is wrong with the engine and that they need to 
diagnose the problem. 
 
5. Tell them to go over the engine and to even try to start the engine if they cannot 
see any obvious problems.  
 




Troubleshooting a 4 Stroke Engine 
 
When the pull-start rope is pulled: 
1. No Spark/Improper spark - Could mean any of the following. 
a. Improper spark plug gap 
b. Improper magneto gap 
c. Faulty spark plug 
d. Faulty magneto 
e. Dirty or rusty flywheel magnet 
f. Timing gear may be off. 
2. No Compression - Could mean any of the following. 
a. Valves are poorly timed. 
b. Valves or valve seats are dirty. 
c. Piston rings are faulty. 
d. Possibly holes in the piston or head. 
3. No gas getting to the combustion chamber - Could mean any of the following: 
a. Fuel tank is empty 
b. Fuel line is shut off 
c. Faulty fuel line 
d. Carburetor requires cleaning or repair 
e. No air flow to create suction across the venturi 
i. Plugged airway 
4. Rope will not pull - Could mean any of the following. 
a. Flywheel is caught on magneto 
b. Pull start connection to flywheel is jammed. 
c. Crankshaft is jammed on something inside the crankcase. 










PST.02. Operate and maintain AFNR mechanical equipment and power systems. 
PST.03. Service and repair AFNR mechanical equipment and power systems. 
 
Sources: 
Roth, A. C. (2004). Troubleshooting Charts. In ​Small gas engines​ (pp. 216-220). 
































Wiring a 3 Way Switch 
 
Grade Level:​ 7 - 12 
 
Content Area:​ - Agriculture Science and Technology 
 
Objectives: 
Students will be able to: 
1. Accurately explain the concept of wiring 3 way switches to a light. 
2. Describe where a 3 way switch is used in a building or other lighting system. 
 
Materials Needed for the Lesson: 
1. Handout - Rules of a 3-Way Switch 
2. Handout - Switch - Light - Switch 
3. Handout - Switch - Switch - Light 
4. Handout - Light - Switch - Switch 
5. Handout - Inside a 3-Way Switch 
6. White Board 
7. Dry Erase Markers - Black, Green, Red, Blue 
8. Promethean Board can substitute white board and markers 
 
Prior Knowledge: 
1. Students should have prior knowledge of basic wiring:  
a. Ground wire vs hot wire 
b. How to connect a wire to a switch screw 
c. How to connect a wire to a light fixture screw 
d. This lesson is often the second class period of wiring after a single pole 
switch in a beginner’s class. 
 
Terms: 
3 Way Switch, Common, Traveler, Sheathed wire, 12-2 wire, 12-3 wire, 
 
Step - by Step Instructions: 
1. Watch video about wire connection with a 3 way switch here: 
https://youtu.be/TvJarVYWJJM 
2. What is a 3-way Switch?  
a. System where two switches are used on a set of lights.  
3. Where do we use 3 -Way Switches? 
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a. Opposite end of rooms, entrances, top and bottom of staircases, others. 
4. Review wiring of a single pole switch and opening/closing a circuit.  Give the 
students the handouts listed above. 
5. Compare the inside workings of a single pole switch with a 3-way switch. 
6. Explain the different order that lights and switches can be placed. 
7. Go over the Rules of a 3-way switch. 
8. Draw the “Switch, Switch, Light” series of materials on the whiteboard or pull the 
document up using the Promethean board.  “Connect” the wires to the proper 
screws on the diagram as the students watch.  (If using a whiteboard, use a 
black marker for black, red for red, and blue for white--since you won’t see a 
white marker on a whiteboard.)  
9. For the sake of simplicity, we do not have the ground wires drawn on these 
diagrams because they will be hooked in the same way as a single pole switch. 
It also adds a lot more to the drawing and can be confusing the first time students 
see it drawn in. 
10.Repeat the process with the “Switch, Light, Switch” and “Light, Switch, Switch” 
series of materials. 
11.Once the students have become familiar enough with the rules, they are ready 
for the next lesson, which is connecting actual switches and lights together.  
 
Standards: 
PST.04.04. Apply electrical wiring principles in AFNR structures. 
 
PST.05.02. Prepare and/or use electrical drawings to design, install and troubleshoot 
electronic control systems in AFNR settings 
 
PST.05.02.01.a. 
Examine and categorize electrical control system components used in AFNR systems 
(e.g., transistors, relays, HVAC, logic controllers, etc.) 
 
PST.05.02.01.b. 
Analyze schematic drawings for electrical control systems used in AFNR systems. 
 
PST.05.02.01.c. 
Design schematic drawings for electrical control systems used in AFNR systems. 
 
PST.05.02.02.a. 
Differentiate between the purpose of electrical sensors and controls used in AFNR 





Troubleshoot electrical control system performance problems found in 




Masser, C. (2016). ​Masser: Rules of a 3-Way Switch​. Lecture. 
Phipps, L. J., & Reynolds, C. L. (1992). Extending Wire Systems. In ​Mechanics in 
Agriculture​ (pp. 641-644). Danville, IL: Interstate. 

































4 Rules of a 3 Way Switch 
 
1. The black wire from the source connects to the first 
common screw in the series. 
 
2. The black from the light connects to the other 
common screw in the series. 
 
3. The white wire from the light finds the fastest path 
back to the source. 
 
4. Connect the travelers with remaining wires. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Masser. 2016) 
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